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Band structure of the odd-even??®a, '?"La nuclei

K. Starosta, Ch. Droste, T. Morek, and J. Srebrny
Institute of Experimental Physics, Warsaw University, #169, 00-681 Warsaw, Poland

D. B. Fossan, D. R. LaFosse, H. Schnare, I. Thorslund, P. Vaska, and M. P. Waring
Department of Physics, State University of New York at Stony Brook, Stony Brook, New York 11794

W. Satuta and S. G. Rohozki
Institute of Theoretical Physics, Warsaw University, &l@9, 00-681 Warsaw, Poland

R. Wyss
The Royal Institute of Technology, Physics Department, Frescati, Fresgativa4, S-104 05 Stockholm, Sweden

I. M. Hibbert, R. Wadsworth, and K. Hauschild
Department of Physics, University of York, Heslington, York Y01 5DD, United Kingdom

C. W. Beausang, S. A. Forbes, P. J. Nolan, and E. S. Paul
Oliver Lodge Laboratory, University of Liverpool, P.O. Box 147, Liverpool L69 3BX, United Kingdom

(Received 29 September 1995

Excited states of thé?®La and *?"La nuclei were populated following*?sn(*®0,p2n) and **%Cd(*°F,4n)
fusion-evaporation reactions, respectively, and investigated using methods of inybegrspectroscopy. Five
collective bands in**®La, and eleven collective bands #A’La were observed. The spin and/or parity assign-
ments of excited states in these nuclei were based on angular-correlation and linear-polarization measurements.
The experimental data are discussed and compared to the results of self-consistent total-Routhian-surface
calculations including quadrupole pairing.

PACS numbgs): 21.10.Re, 23.20.Lv, 27.68j, 21.60.Ev

I. INTRODUCTION vibration couplings, and formation of collectivity.
The present investigation of th&%La and ?"La nuclei

Neutron deficient nuclei from the mags~130 region was triggered by the previous observatjdhof an unusually
have been the subject of many experimental studies. Thiast 15/2 —11/2 E2 transition in*?La, implying enhanced
even-even nuclei from this region were one of the first ex-collectivity, but followed by a drop in collectivity above the
amples ofy-soft nuclei[1]. Furthermore, odd\ La isotopes 15/2 level. This research will be presented in two parts. In
with A=125 to 137 were the first casg®| where decoupled the current paper, the level schemes including the band struc-
rotational bands were identified and interpreted in terms of dure of 1*La and *?"La will be presented; this includeg-
particle coupled to a triaxial even-even cf8¢ Recent spec- vy coincidence studies as well as angular-correlation and
troscopic data also reveal many other phenomena of topicdihear-polarization measurements. Eleven bands were ob-
interest, such as shape coexisteng®jbrational bands, sig- served in*?"La and five bands it*La. The detailed quasi-
nature inversion, and band termination effects. particle structure of these bands is interpreted by means of a

In the language of the deformed shell model, the varietyself-consistent total Routhian surfa@eRS) model. A second
of structures observed in th&~130 mass region can be paper[6] will present the results of a detailed set of recoil
associated with opposite shape driving forces due to valenadistance(RDM) lifetime measurements id*La and **La.
protons and neutrons, respectivelsee Ref.[4]). Valence A collective core-quasiparticle coupling modgl] will be
protons, filling the lower part of thé;,,, subshell, tend to used to discuss the excitation energies B2dM 1 transition
stabilize nuclear shapes at prolate deformations, while theates for low-spin states of both positive and negative parity
valence neutrons, being at or above thg, midshell, favor  bands.
oblate or triaxial shapes. Such a situation leads to a shape Preliminary result$8] of the current work have been re-
coexistence phenomenon with the resulting equilibriumported. An independent study of tHé’La level scheme by
shapes as well as the shapes of local potential wells stronglp. Ward et al. [9] has also been made. The two studies of
depending on the underlying proton and neutron shell struct?’La are complementary in several respects; there is more
ture and pairing properties. Thus it is expected that the spednaformation about high-spin levels in R¢B], while the cur-
troscopy of these nuclei would provide rich data from whichrent study includeg-ray polarization measurements. Results
sensitive studies could be made of effective/residual nucledrom both studies oft?’La and the present results éf%La
interactions, adiabacity/diabacity of nuclear motion, rotation-are used in the theoretical interpretation.
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Il. EXPERIMENTAL PROCEDURE

o
©
\

A. y-y coincidence measurements

©
N

Excited states of'?®L.a were populated following the
1125480 p2n) reaction at a beam energy of 79 MeV. A 2.6
mg/cn? thick 1?Sn target, backed wittf%Pb to stop the
recoil nuclei, was employed. The Stony Brook array consist-
ing of 6 Compton-suppressed Ge detectors and a 14 element
bismuth germanattBGO) multiplicity filter was used to col-

o
(o]

Polarimeter sensitivity Q
o
o

lect y - y coincidences. To reduce the intensity of the back- 01
ground radiation fronB-decay and Coulomb excitation, data S S ———
were recorded only when two or more BGO detectors fired. 200 400 ﬁ?gy ei%?gj?fgvfzoo 1400

The level scheme of'?La was studied using the
12Cd(*9F,4n) reaction at a beam energy of 85 MeV. A 3 FIG. 1. 5X Ge detector polarimeter sensitivity calibration.
mg/cm? thick 11%Cd target backed witB°®Pb was used. Data
were collected using the TESSA-3 array, consisting of 16 W(6,0°) —W( 6,90°)
Compton-suppressed Ge detectors and a 50-element BGO P(6)= W(0,0°) + W(6,90°) " (1)
multiplicity/sum energy filte{10], which was located tem- ' '
porarily at Stony Brook. whereW( 6, ) is the yield ofy rays which are emitted at an

The level schemes were constructed using coincidence rejgie ¢ relative to the beam axis and having a polarization
lationships and relative intensities. In order to determine thgacior in the plane at an angk relative to the reaction

multipolarity of the transitions, angular correlations of the plane. An experimental asymmetfsee Ref[13)]) is defined
y rays were measured using the D@frectional correlation  5¢

of oriented statesmethod(see Ref[11]). For both experi-

ments, data from the detectors positioned perpendicular to N, (E,)—N(E,)

the beam axigat #~90°) were sorted against data from the A(0=90°E,)= N, (E)FN|(E)’ (2
forward/backward detectors near the beam &ats9~30°, Ly =y

15Q°) in an asymmetric DCO matrix. To extract the DCOWhereNL(E,/) is the measured intensity of th,eline in the
ratios, gates were set on the well-known stretcB@dtran- ot spectrum, andN|(E,) is the measured intensity of the
sitions on both axes. y line in the second spectrum. The asymmetry is related to

o o the polarization defined aboV&q. (1)] by
B. Polarization measurements in-<‘La

Taking into account the limitations of the DCO method _ i

) Bt A 127 P==XA, ©)
regarding parity, linear polarizations of rays from *“‘La Q
were measured at Stony Brook utilizing & &e Compton
polarimeter with kinematic selection. The same target andvhereQ is sensitivity of the polarimeter. The sensitivity of
reaction as in they-y coincidence experiment were used. the polarimeter was calibrated using the strong transitions
The y-ray po|arizations were measured in Sing]es mode)/\/lth known mUltipOlarities observed in the eXperiment. The
which limited the method to the strongestlines in the calibration sensitivity curve is presented in Fig. 1. It was
spectrum. The central scattering detector of the polarimetdund that the experimental sensitivity of the polarimeger
was positioned with its axis a#=90° with respect to the normalized to the sensitivity of a polarimeter made of ideal-
beam axis and 20 cm below the target. Four analyzing detedzed point like detector®y is nearly energy independent and
tors were placed in a plane perpendicular to the central deequals Q/Qp=0.85(10). This conclusion agrees with the
tector axis, at a distance of 7 cm, two of them perpendiculafalibration results for similar polarimete(see Ref[14]) and
to the reaction planéthe reaction plane is defined by the allowed interpolations of the calibration curve.
beam axis and scattering dete¢tand two of them in the
reaction plane. The Compton scattering events, i.e., coinci- Ill. EXPERIMENTAL RESULTS
dences between the central and one of the analyzing detec-
tors, were recorded on magnetic tape. Theay energy
peaks were extracted by the summation of the energies de- The level scheme derived for th&La nucleus is pre-
posited in the coincident scattering and analyzing detectorsented in Fig. 2. In comparison to the earlier wor&], nine
Typical resolutions obtained from source tests were FWHMnhew collective structures have been extracted from the
~3 keV for the 1408 keV!5%Eu v ray. In order to enhance present data; the current experiment confirms the transition
the peak/background ratio, events which did not fulfill theorder in the yrast cascadleand 2 and side band 4. Intensity
Compton kinematic scattering conditions for the polarimeterelations and cross-over transitions of the present experiment
geometry were excluded in the event sortisge Ref[12]). between bands 2 and 3 resulted however in changes in the
Data were sorted into two spectra, one for the scatterer plugrder of transitions for the low energy part of band 2. The
analyzers perpendicular to the reaction plane and the otheneasured energies, DCO ratios, and polarizations as well as
for the scatterer plus analyzers in the reaction plane. Thepin/parity assignments for the excited states'ifLa are
definition of the linear polarization used in this paper is summarized in Table I. Multipolarities of the rays were

A. Spin/parity assignments for the *?"La excited states
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FIG. 2. ¥¥La level scheme.

determined by comparing the experimental DCO ratio andive parity for the band 4 is proposed since the bandhead
polarization values with those calculated for various possiblelecays via stretche®2 transitions to the positive parity
spin/parity hypotheseg11]. The results of the DCO calcu- ground state (the positive parity is taken from the
lation for the 991-keV transition are displayed in Fig. 3, systematics—see discussion of the bandThis gives the
which is presented as a typical example. Figure 4 shows thepin/parity of the lowest band member as 19/@ther than
polarization calculated13] for different initial and final  21/2+ a5 proposed in Ref5]. The same arguments are valid
spin/parity possibilities for the 991-keV transition. The ad-for the 804-keV transition, although in this case only the sign
vantage of combining the DCO and polarization measureys the polarization was determined. The 443-, 577-, 702-,

ments can be seen from Fig. 3 and Fig. 4. The DCO function ., g13-keV intraband transitions haRgeo~1 and polar-

depends on the multipolarity but not on the electric or Mags, tion P>0.2 which are consistent with a stretch&e®

netic character of the transition. Conversely, the sign of th%haracter Also. stretchégl multiolarities are pronosed for
polarization depends on the type of the transitisae Fig. ) ’ P prop

4); for instance, with dipoles the polarization is negative forthe_l_am' alrth 9|9§:<eV ??r? d ttrans;pons. laced below band 5
a pure stretchet1 and positive for a stretchedll transi- € muitipofarities ot the transitions placed below ban

tion. In Fig. 5, experimental spectra from the polarizationWere determined from the DCO ratio only. For the 1062 keV

experiment are shown as an example. Although the Dcdransition, theRpco suggests mixed a1+E2 character
ratios for the 458-keV and 991-keV transitions are similarwhile the ratio for the 373-keV transition is consistent with a
(Rpco~1), but, as Fig. 5 shows, these two rays have stretchedE1, and so 21/2 is proposed as the spin/parity for
opposite signs of the polarization. This method for spin/the intermediary level.
parity assignments is not able to distinguish between transi- Band 5 is connected to the yrast structure by the 1034-
tions with Al=+1 andAl=—1 (see Figs. 3 and )4In  keV and the 1223-keV transitions witRpco and polariza-
cases of such ambiguity the solution in which spin increasetion values consistent with stretchBd transitions. The 420-
with energy was chosen. keV and the 434-keV transitions connect band 5 with band 4;
The level scheme obtained from the experimental data ithesey rays haveRpco values which suggedtl 1+ E2 tran-
similar to the results of the independent study of 6],  sitions with|Al|=1. This determines the spin of the lowest
although differences occur in spin assignments of severahember of the band to be 2572 The DCO ratios for the
levels, which will be discussed. The spins of the yrast cas590-keV and the 737-keV transitions are consistent with a
cade(band 2 were known from the earlier studgee Refs. stretchedE2 character, and this assignment is also proposed
[5,2]). The DCO ratio for the 1208-, 1213-, and 1339-keV for the 885-keV band transition.
transitions suggegtAl|<1. The positive polarization mea- Band 4 decays into band 2 via the 500-keV transition and
sured for the 1208-keVy ray suggests a stretch&d char- then through the 549-, 403-, and 236-keV band-2 transitions
acter. In other cases, multipolarity assignments are ambigue the bandhead. For all of these transitions, extracted
ous; the allowed spins in the current study are given in FigRpco~1 ratios supported by positive polarizations suggest
2. stretchedE2 assignments, except for the 236-keV transition
The spins assigned to band 4 are different from thosavhose polarization was not determined. This implies that the
proposed in Ref5] but are consistent with Reffd]. For the  bandhead spin is 3/2, with the positive parity taken from the
991-keV transition, th®pco value and large negative polar- odd-even La systemati¢8/2™ ground states are reported for
ization (see Fig. 5 exclude all the possibilities excegl  *%1a [15], 1*La [16], and®a [17)]). For the 681-,
with Al=0 or M1+E2 (6==1) with Al=*x1. The posi- 650-, and 589-keV transitions of bandR;co ~ 1. Based on
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TABLE I. Observedy-ray transitions and spin and/or parity assignments for excited statéd im

Energy?[keV] DCO ratio Polarization |7 — 7 Multipolarity Band
175.9 0.713) 9/2* — 72t M 1/E2 3
176.6 0.866) 712¢ — 52t M1/E2 2
194.2 0.366) 23/2¢ 212t M 1/E2 8
204.0 0.70) M1/E2
212.0 25/

227.6 1172 —  9/2* M1/E2 9 2
230.0

236.0 0.92) 712¢ - 3/2* E2 2
251.7 [11/2t] —  [9/27] M1/E2 9 11
252.4 1.002) b 15/2- —  11/2° E2 1
261.7 0.525) 25/2¢ —  23/2* M 1/E2 9
263.7 0.4%3) 27/2¢ —  25/2% M 1/E2 8
272.0 2912 —

277.8 [13/2] —  [11/27] M1/E2 9 10
295.6 —  25/2F

312.2 [15/2] —  [13/2"] M1/E2 9 11
312.8 13/ —  11/2F M1/E2 9 3
321.3 0.383) 2012 27/2F M1/E2 9
332.7 [17/2F] —  [15/2*] ML1/E2 9 10
340.3 23127 — 212t ML1/E2 9 8
346.4 0.383) 312t = 29/2* M 1/E2 8
352.4 1.03) 0.22) 9/2* — /2% E2 3
360.0 3.015) [9127] —  7/2F M 1/E2 10
372.9 0.5014) 232 21/2° E1l 4
376.8 [19/2"] — [17/2"] M1/E2 9 11
386.8 0.3%5) 332 31/2F M 1/E2 9
403.4 1.01) 0.31(4) 1Rt = 7Rt E2 2
405.7 27127 —  25/2F M1/E2 9 8
420.0 0.3716) 25/2¢ —  23/2* M 1/E2 5
426.7 0.92) 17/27  —  [13/27] E29 6
432.6 0.5%9) 172 —  19/2° |All=1

434.1 0.2%9) 202 27/2F M 1/E2 5
4433 1.019) >0.2¢ 23/2F —  19/2F E2 4
458.4 1.012) b 19/2~ - 15/2° E2 1
500.1 1.029) 0.4(1) 19/2t —  15/2F E2 4
519.0 7
525.0

525.2 2712 —  23/2* E29 8
529.1 [13/2*] —  [9/2*] E29 10
534.5 7
540.3 1.12) >0 ¢ 1320 — 92t E2 3
548.7 1.107) 0.4(2) 1512t 11/2% E2 2
558.2 19/ - 17/2

561.5 1.12) 21127 — 17127 E2 6
563.1 1.02) 232 19/2F E2 8
568.0 20/ - 25/2F E24 9
576.7 1.01) >0.3¢ 27/2¢  —  23/2% E2 4
583.0

585.0 209/ 25/ E29 9
589.2 1.03) [27/2"] —  [23/2"] E29 2
589.9 [15/2"] —  [11/27] E29 11
590.1 0.927) 2012 25/2F E2 5
601.0 2712 = 272 E1d 4
616.7 0.766) - 21/ M1/E2 7
630.9 0.962) b 232~ 19/2” E2 1
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TABLE I. (Continued)

Energy?[keV] DCO ratio Polarization I — 7 Multipolarity Band
644.7 [17/2] — [13/27] E2¢ 10
649.7 0.93) [23/2] — 19/2* E24 2
653.2 0.92) E2 7
662.9 1.23) [17/2] — 13/2° E2 3
667.7 31/ - 27/2* E2¢ 8
680.8 1.11) >0 ¢ 19/2* - 15/2* E2 2
683.0 - [17/27] 3
701.8 0.9%5) 0.33) 31/2* - 2712+ E2 4
726.2 0.82) 25/2~ = 21/2- E2 6
733.4 33/2 = 29/2* E24 9
737.4 0.987) 33/2* - 29/2* E2 5
779.9 0.9%3) b 27/2° - 23/2” E2 1
781.0 7
790.6 [29/27] — 25/2” E2¢ 6
803.7 1.1114) <0¢ 23/2* - 23/2” E1l 4
813.2 1.01) 1.002) 35/2* - 31/2* E2 4
850.0 217 - 23/2" M1/E2 ¢ 6
879.3 [33/27] — [29/27] E2¢ 6
885.3 [37/2] — 33/2* E24 5
891.2 0.388) 17/2 - 15/2- |Al|=1

907.9 1.014) b 31/2” - 27/2” E2 1
915.8 [39/2] — 35/2* E2¢ 4
919.1 0.189) -0.4(3) 17/2- - 19/2- M1/E2 6
950.8 0.64198) -0.22) [13/27] — 15/2- M1/E2 ¢ 6
991.3 1.1815) -0.8013) 19/2* - 19/2- E1l 4
996.4 [43/2t] — [39/2] E2¢ 4
998.4 1.01) 0.4(3) 39/2” = 35/2” E2 1
1002.5 1.01) 0.22) 35/2° = 31/2° E2 1
1014.4 0.967) 43/2” - 39/2” E2 1
1034.1 0.4012) >0 ¢ 29/2* - 27/2” E1l 5
1044.0 0.68L5) M1/E2 7
1061.5 0.286) 21/2° - 19/2- M1/E2

1207.8 0.42) 0.31) 29/2* - 27/2” E1l

1213.4 0.52) 0.002) - 31/2” |All<1

1223.4 0.5%) 0.31) 25/2* - 23/2” E1l 5
1339.2 0.72) 0.6(3) - 2712~ |All<1

1365.1 0.5411) 0.6(2) 25/2* = 23/2” E1l 9
1377.2 1.85) 17/2° - 15/2- M1/E2 6
1382.8 0.497) 0.4(3) 25/2* - 23/2” E1l

1394.1 0.508) 0.33) 21/2* - 19/2- E1l 8
1479.9 1.02) 21/2° - 19/2- M1/E2 6
1502.1 0.42) |All<1 7
1539.7 0.518) 0.52) 21/2* - 19/2- E1l 9
1575.8 0.83) 25/2~ - 23/2” M1/E2 6
1577.5 7
1578.7

@Uncertainty in transition energy 0.2 keV.

®Transition used for the 8Ge polarimeter sensitivity calibration.
°The exact value of the polarization cannot be determined because of the complex spectrum.

HTransition multipolarity not based dRpco and polarization measuremergtee texk

141



142 K. STAROSTAet al. 53

| ® 772->19/2pMmED’ "0 17/3->10/2EM ' N e Y R
u 19/2->19/2M+E2 0 19/2->19/2ELM1 1 40000F 458 keV 1 N 991 keV
" * 21/2->19/2MHE2 O 21/2->19/2E1M S r nsoor T
4T e} L
> A 15/2-519/2) 30000}
‘23/2 19/2.E2 15/2—>19/2E2 u; | 10500 |
o] 20000 :
-g I 9500
£ L
Z 10000 F 8500L
« 40000}
< L 1500
2 .
8 30000}
“ 10500
o [ L
o 20000+
o) L
£ I 9500
£ -
, Z 10000 - as00l
—80 —40 0 40 80 446 450 454 458 462 466 982 986 990 994 998 1002
Arctan( 6) E, (keV) E, (keV)
FIG. 3. DCO ratios versus mixing ratié calculated for the FIG. 5. y-ray polarization spectra for the 4_581'25‘3\/ stretctiedl
different spin hypotheses for the 991-keV transitid68-keV gate ~ transition and_the 991-keE1 Al=0 transition in*“’La. N, Iabe_ls _
in 2La. The spin alignment parameter was setrto=0.3. the spectra with analyzers set perpendicular to the beam axis while

N, labels the spectra with analyzers set parallel to the beam axis.

the positive polarization for the 681- kel ray, a stretched
E2 transition is proposed, and stretchéd transitions are the 919-keV transition, fixes the spin of this state to
suggested for the other cases as well. Spins and parities fai7/2~. The DCO ratios for the 427-, 562-, and 726-keV
band 3 are assigned based Ry values measured for the transitions are consistent with stretchE@ character. As-
177- and the 176-keV transitiorisvhich suggestAl|<1) suming a collectiveAl =2 nature for band 6, 13/2is pro-
and Rpcp and polarization values for the 352- and 540-keV posed for the lowest band member, although this spin assign-
transitions(consistent with stretcheBl2 character ment is tentative since other possibilities cannot be
Bands 10 and 11 form a strongly coupled structure. Thexperimentally excluded. Stretchde? multipolarities are
bands are too weak to extract any experimental informatiomlso suggested for the 791- and 879-keV transitions. The spin
for the transitions, except aRpco for the 360-keV transi- assignments proposed for band 6 differ from Réf.
tion. Based on this value, 972is suggested for the band- A unique determination of the spins of band 7 from the
head. A band with similar structure has also been observegresent experiment is impossible. TRgcg of the 617-keV
recently in *%Pr [18]. transition suggests mixed 1+ E2 multipolarities. Based on
The spin/parity assignments of band 6 are based on théais information, the parity of band 7 is determined as nega-
Rpco measured for the 919-keV transition. Becausetive. The only information avaliable for the intraband transi-
Rpco=0.189), only a mixed M1+ E2 assignment with tions is anRpco for the 653-keV transition, which is consis-
Al==1 is allowed(see Fig. 3. The presence of the 1377- tent with a stretchedE2 assignment. The different spin
keV transition, which decays from the same excited state agossibilities for the excited states are shown in the level

scheme.
e For the 194-, 262-, 264-, 321-, 346-, and 348-keV transi-
@ 17/2->19/2M1HE2 O 7/2->19/281 tions, which belong to bands 8 and 9, the DCO ratios suggest
10 | @ 19/219/2M1E2 0 19/2->19/281 ] mixed M 1+ E2 multipolarities with g§Al|=1 character. For
| & 2V2>9/2MmE o 2/2->19/2£1 the other transitions, the statistics were too low to perform
A 23/2->19/2F2 A 15/2->19/2F2

the DCO analysis. The level scheme and the presence of
connectingM1+E2 transitions suggest that bands 8 and 9
form strongly coupled structures. The spin/parity of these
bands were determined by the DCO and polarization mea-
sured for the 1365- and 1540-keV transitions, which are con-
sistent with a stretcheBl1 character. The assignment is con-
firmed by theRpco measured for the 563-key ray, which
favors stretchedE2 transition.

Polarization

B. Spin/parity assignments for*?>La excited states

Only limited information about high-spin states #i%L.a
was known prior to this experiment. Three transitions as-
signed to the yrash,;;, band were seen in Ref2]. In the
FIG. 4. Polarization versus mixing ratié calculated for the ~Present experiment, the yrast cascade was extended by four

different spin and/or parity hypotheses for the 991-keV transition in"W transitions and four new collective structures were
127 . The spin alignment parameter was setrfo=0.3. found. The spins and/or parity assignments féiLa were

80 —40 20 80

0
Arctan( &)
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FIG. 6. ®a level scheme.

based mainly on the results of DCO analyses. For band struc- Band 4 decays to band 2 via a strong 495-keV transition.
tures similar to those in?'La, systematic arguments were The Rpco for this transition is consistent with a stretched
used. The data are summarized in Fig. 6 and Table . E2. Polarization and DCO measurements for the correspond-
The DCO ratios extracted for all of the rays belonging ing transition in *?"La support this assignment. The DCO
to band 1(except 968 keYare consistent with stretchdt? ratios for the 476-, 347-, and 296-ke¥y rays suggest
transitions. The DCO ratios for the 1296- and 1336-keV transtretchedE2 transitions. If each of these four transitions
sitions side-feeding band 1 sugg¢at |<1 and are consis- (296, 347, 476, 495 keNare stretchedE2, then the spin/

tent with stretchedE1l or mixed M1+ E2 multipolarities; parity of the bandhead is 3/2in agreement with the odd-

therefore, the parity of these two levels cannot be deterg o | 5 systematiosee the discussion concerning the cor-
mined, and only possible spin values are given in Fig. 6.

L ) > responding band in*?’La). The consequence of such an
The similarity between band 4 in th€°La and band 4 in ) : "
129 4is strong.yln125|_a this band decays to band 1 via 930- assignment is that the 635- and 871-keV transitions have a

and 786-keV transitionéwhich correspond to the 991- and |—1, E1 multipolarity; the DCO ratios measured for these

804-keV transitions in'?"La). For both transitions, the Y r:ilys are in good agreement with these assignments. The
Roco is close to 1, which is consistent with-1 E1 transi- 7/27 level of band 2 decays via the 168 keV transition to a

tions as in?’La. Band 4 consists of stretch&® transitions level which corresponds to the 5/2member of band 3 in

which result from DCO ratios measured for the 459-, 556-, '~ La. Thus a 5/2 assignment is proposed for this level.
669-, and 777-keVy rays. The decay paths from band 4 via  The 796-, 1232-, and 1328-ke)/rays depopulating band
the 348- and 1041-keV transitions, the 504-, 425-, and 8626 have DCO ratios which are consistent wjthi|<1 and
keV transitions, and the 930- and 786-keV transitions arénixed M1+E2 multipolarities. The 532-, 647-, and 741-
again very similar to the decay paths of band 44fLa. The  keV y rays haveRpco values consistent with stretch&®
DCO ratios for the 348- and 1041-keV transitions are con4ransitions. These data suggest negative parity and a decou-
sistent with stretched dipoles, which together with the simi-pled structure for band 6, as proposed for the corresponding
larity to *?"La, suggest 21/2 for the intermediary level. band in *?La. Branching ratios for'?®La, '?"La are pre-
Band 5 is similar to band 5 if?"La; it decays mainly to  sented in Tables Ill and IV.
the yrast band via the 1005-, 1170-, and 1293-keV transi-
tions. Except for the 1170-keV transition, the DCO ratios are  |v. DISCUSSION OF ROTATIONAL STRUCTURES
consistent with pure stretched dipoles. The decay path to . ) )
band 4 is via the 384- and 407-keV transitions. R for A. Pairing-deformation self-consistent TRS model
the 384-keVy ray excludes multipolarities other thavil The experimentally observed rotational structures in
+E2 with |Al|=1. The DCO ratios for the intraband tran- ?512{a are discussed using the recently developed pairing-
sitions are in agreement with a stretcHe®l assignment, if a deformation self-consistent total Routhian surfé8€-TR3
two standard-deviation limit is allowed for the 579- and 711-model [19,2Q. The underlying idea of the TRS model is
keV transitions. Based on these arguments as well as on theased on the shell correction method of StrutingRy].
similarity to '?/La, it is proposed that band 5 consists of Within this model, the total Routhian of the nuclelemergy
stretchedE2 transitions with the lowest band member as-in the rotating framgis calculated as a sum of a macroscopic
signed 21/2 . part (employing the liquid drop model of Ref22]) and a



144

K. STAROSTAet al.

TABLE Il. Observedy-ray transitions and spin and/or parity assignments for excited statés i

Energy? [keV] DCO ratio I — If Multipolarity Band
167.6 0.917) 712* - [5/2+] M 1/E2 2
240.4 1.08) 15/2- — 11/2- E2 1
296.4 1.017) 72+ - 3/2* E2 2
347.4 0.985) 11/2* = 72+ E2 2
347.6 0.508) 23/2F = 21/2- E1l 4
384.2 0.2014) 25/2* - 23/2* M 1/E2 5
404.9 0.5610) . 25/2* |All<1
406.7 29/ - 27/2F M1/E2°P 5
408.7 1.11) 17/2° - [13/27] E2 6
4254 0.364) 17/2 - 19/2- |Al=1
436.4 0.982) 19/2- - 15/2- E2 1
459.2 1.026) 23/2* = 19/2* E2 4
476.4 1.005) 15/2* = 11/2* E2 2
480.4 1.0516) 25/2* = 21/2* E2 5
495.3 0.985) 19/2* - 15/2* E2 4
504.2 0.508) 19/2* - 17/2 |Al=1 4
529.2 1.03)

532.3 1.0810) 21/2- - 17/2- E2 6
533.0 1.66)

556.4 0.978) 27/2* - 23/2" E2 4
579.3 0.81) 29/2* = 25/2* E2 5
603.6 0.985) 23/2” = 19/2- E2 1
610.3 1.11) 2
634.2 2
635.3 1.01) 11/2* - 11/2- E1l 2
646.8 0.976) 25/2~ - 21/2° E2 6
669.3 1.008) 31/2* - 27/2* E2 4
678.4

681.5 1.3716) - 15/2* 2
711.0 0.81) 33/2° = 29/2* E2 5
740.9 0.9517) 29/2” = 25/2” E2 6
7442 1.088) 27/2° = 23/2° E2 1
747.7

777.3 1.019) 35/2* - 31/2* E2 4
785.8 1.0112) 23/2* - 23/2- E1l 4
795.9 0.4210) 17/2" - 19/2- M1/E2 6
806.2 - 19/2-

815.7 [33/27] - 29/2" E2° 6
817.4 = 27/2”

823.4 [13/27] - 15/2~ M1/E2P 6
840.1 [37/2] - 33/2* E2P 5
851.8 0.944) 31/2- - 2712 E2 1
862.2 0.108) 17/2 - 15/2- |Al]=1

871.0 1.0419 15/2* - 15/2- E1l 2
876.8 [39/2"] - 35/2* E2° 4
919.6 0.995) 35/2~ - 31/2° E2 1
930.1 11713 19/2F — 19/2- E1l 4
968.3 [39/27] — 35/2" E2° 1
1005.3 0.50) 29/2* = 2712 E1l 5
1041.5 0.4PB) 21/2° = 19/2- M 1/E2

1064.4 [13/27] = 11/2- M1/E2° 6
1132.6 . 19/2-

1169.9 0.38) 25/2* - 23/2- E1l 5
1208.0 - 23/2”

1232.2 0.7610) 17/2° - 15/2- M1/E2 6
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TABLE Il. (Continued)

Energy [keV] DCO ratio I — If Multipolarity Band
1242.0 . 15/2-
1292.9 0.587) 21/2* . 19/2° E1l 5
1296.0 0.4017) = 27/2° |All=<1
1327.9 0.819) 21/2° = 19/2- M1/E2 6
1336.0 0.47) = 23/2” [All<1
1352.0 = 19/2-
1371.0 2512 - 23/2” M1/E2P 6
1568.8 0.3017) - 15/2~

@Uncertainties in transition energy 0.2 keV.
PTransition multipolarity not based on DCO analy&ige text

microscopic correction accounting for shell effects and pairclusions concerning the quality of the single-particle spec-

correlations. The total Routhian can be written as trum. The strength of the seniority pairing is calculated using
the average gap method of REB4], while the strength of
the quadrupole pairing interaction is calculated self-

4) consistently according to the method proposed in RZ5].
The model is thus free from adjustable parameters.

The LNC method, being an approximation to the particle
number projection, is a step beyond the independent quasi-
particle scheme. The formulation of this method, however,
allows one to find approximate solutions in the odldsys-
tems by using formally the language of independent quasi-
Particle excitations. Hence one can form quasiparticle exci-
tations on top of the LNC solutions that are constrained to
m('N)=0dd number(see Ref[36]). This is of particular im-

E“(Z,N,8)=E“~%(Z,N,B)+{H“(Z,N,B)
—H“"%(Z,N,B)},

whereE“=%(Z,N, B) represents the liquid drop energy, the
single particle shell correction, and pairing energy at fre-
guency zero. The term in the bracket of E4). describes the
change in energy due to rotation. The total Routhian is cal
culated on a grid in deformation space, including quadrupol
(B), triaxiality (), and hexadecapoled() degrees of free-
dom, and then minimized with respect to the shape paral

etelrns ,{tﬁeog::&g?du'\ll'g:g& doeff(')rrlr?n;tlggﬁ‘;consistenc is thu é)ortance when studying the problem of diabacity of nuclear
' Y motion. Indeed, it appears extremely difficult to calculate

related only to the shape degrees of freedom while pairin . ; . .
. . elf-consistent diabatic energy surfaces for blocked configu-
correlations are treated approximately. The model used herg’. . : .
! - . rations while construction of such surfaces for approximate
extends the self-consistency requirement to the particle-

particle channel. To avoid the well known problems of asolutions seems to be considerably easier. In the era of new
sharp superfluid-to-normal phase transition and to make thdetector arrays allowing for complete spectroscopy, the ne-

) e : : gessity of having a good diabatic model is unquestioned.
calculations feasible in a wide frequency range, Correlatlonﬁ’herefore one of the issues that will be addressed here is the
going beyond the independent quasiparticle schéi@g '

must be added. Therefore, we restore approximately the pag—u?“tyhOffaﬁ proximate .SOIUt'OhnS' di . ill be f d
ticle number symmetry using the ideas of Lipkin, Nogami, {127'[ ¢ foflowing sections, the IScussion will beé Tocusse
on '?/La, since the the structure f°La is very similar. The
and co-workers(LNC) [23], that recently have been ex- di . .
) ifferences between the two La isotopes will be addressed
tended to the cranking modg24,25,19. later
It has been known since the early work of Migdab| :
that the time-odd components of the nuclear mean field and
pairing field are of crucial importance for the moments of
inertia. The lowest order Migdal term due to the pairing field
emerges from quadrupole pairing. The importance of this Three negative parity bands were identified in the present
term has already been discussed by several auf@@rs30.  experiment in'?’La. Similar structures, populated to higher
However, in the case of models based on the deformed mea&pin, were observed by the Chalk River grd@p This high-
field, special care has to be taken to avoid the spurious shag®in work will also be included in the theoretical compari-
dependence of quadrupole pairing. To satisfy this requiresons.
ment we use here the quadrupole pairing interaction defined For band 1, thé "=11/2" bandhead is assigned to be the
by “double-stretched” generatorsee Ref[20] for details. proton [550]1/2~ deformed Nilsson state originating from
Our model Hamiltonian is based on the deformed Woodsthe sphericahrh,y;, intruder subshell. Rotational bands in-
Saxon potentia[31] employing seniority and quadrupole volving the hy;,, proton orbital are commonly observed in
pairing as a two-body interaction. Two different parametriza-the A~120-130 mass region. The aligned angular momen-
tions of the Woods-Saxon potential are used. These potertium is almost constant at=5#, implying that the motion of
tials are denoted as WS-C for the parametrization of Chepthe odd proton can be regarded as decoupled from the even-
urnov [32] and WS-U for the so-called universal even core. An upbend that is associated with the alignment of
parametrization of33]. A comparative study of the results a pair ofh,,, neutrons occurs d@w~0.5 MeV. In the same
for the two parametrizations allows us to draw certain confrequency region, band 1 is crossed by band 4.

B. Negative-parity bands
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TABLE IlI. Branching ratios for the'?"La excited states.

I E,. [keV] E,[keV] 1,/,, Band I E,i [keV] E,;[keV] 1,/, Band
712" 176.6 236.0 6.%) 2 25/2° 1575.8 726.2 1@ 6
11/2* 227.6 403.4 0.1@) 2 1577.5 534.5 1@ 7
13/2* 312.8 540.3 0.1®) 3 519.0 616.7 0.43) 7
17/2 432.6 891.2 0.5%) 23/2* 194.2 340.3 1.8) 8
19/2* 991.3 500.1 1.9%) 4 23/2F 563.1 340.3 1.@) 8
19/2* 558.2 500.1 0.4Q) 4 27/2F 263.7 525.2 4.9 8
23/2* 803.7 443.3 0.4@) 4 27/2F 405.7 525.2 0.6B) 8
23/2* 372.9 443.3 0.1Q) 4 31/2* 346.4 667.7 2.@) 8
27/2* 601.0 576.7 0.1Q) 4 25/2* 212.0 261.7 0.7®) 9
25/2*F 420.0 1223.4 0.2B) 5 25/2F 1365.1 261.7 0.718) 9
29/2* 434.1 590.1 0.28) 5 29/2* 321.3 585.0 3.%) 9
29/2* 1034.1 590.1 0.67) 5 29/2* 568.0 585.0 0.2 9
17/2~ 919.1 426.7 0.923) 6 29/2* 272.0 585.0 0.8) 9
17/2~ 1377.2 426.7 1.184) 6 [13/27] 277.6 529.1 1.8 10
21/2° 850.0 561.5 0.2®) 6 [17/2"] 332.7 644.7 2.®) 10
21/2° 1479.9 561.5 0.532) 6 [15/2"] 312.2 589.9 1.8) 11

Figure 7 shows the results of our theoretical calculationgsnum deeper, but the shape remains still rather soft in the
(small symbols for the lowest one-quasiproton low-frequency region, as shown in the TRS plot of Fig. 8.
(7= —,a=F1/2) configurations, wherer,a denote parity The aligning neutrons drive the nucleus towards a less elon-
and signature quantum numbers, respectively. In the langated and slightly triaxial shapeB{~0.22,y~—5° at
guage of the cranked shell model, the lowest configurationd «=0.60 Me\). The resulting deformation versus fre-
of (m=—,a=71/2) are often labeledE(F), respectively. quency trajectories are very similar for both WS-C and
The left panel presents the calculated total Routhith, WS-U potentials.
versus rotational frequency while the right panel shows the The non-self-consistent solutions also offer a reliable ap-
angular momentunxl,), as a function ofiw. The figure  proximation to the data. Nevertheless, the relative difference
shows the results of both self-consistent and non-selfbetween theoretical and experimental Routhians increases
consistent calculationsee the figure caption for further de- with frequency. The sudden drop of the non-self-consistent
tails). value ofe® seen ath w~0.3 MeV is directly related to the

The absolute energy scale of the calculations is not detemlignment of a pair oh,,,, protons taking place at that fre-
mined but the excitation energy is relevant. The agreememuency for anodd-Z core The non-self-consistent treatment
between the datéband 13 and results of the self-consistent of the blocked quasiparticle used here does not allow one to
calculations E) is remarkably goodsee Fig. 7. Note that fully remove the effect of the changing pairing gapand
the relative difference between experimental and theoreticdtermi level N. On the other hand, the calculated angular
Routhians is of the order of 200 keV over the whole fre-momentum follows rather closely the experimental findings
guency range considered. The crossing frequency seems ¢wer the whole frequency region.
be slightly underestimated while the yrast-yrare interaction is In the analysis of the excited negative-parity bands, cer-
somewhat too large when compared to the data. The calcdain problems occur. Within the limit of the independent qua-
lations predict a prolate shape of the nucleus v@th=0.26  siparticle model, the low-lying negative parity bands must
(predictions for the WS-C potentjauntil the vh,, align-  involve an orbital originating from therh;,;, subshell.
ment. The'?®Ba “core” is extremelyy soft. The occupation Therefore, the lowest band of negative parity and signature
of the hy,,, orbital by the odd proton makes the prolate mini- = + 1/2 is expected to be built upon the unfavored signa-

TABLE V. Branching ratios for the'*La excited states.

I E,i [keV] E, [keV] 1,/l,, Band l; E,. [keV] E,;[keV] 1,/,, Band
712" 167.6 296.4 0.68) 2 25/2* 480.4 1169.9 0.33) 5
11/2* 635.3 347.4 0.2@) 2 29/2* 406.7 579.3 0.280) 5
15/2* 871.0 476.4 0.1@) 2 29/2* 1005.3 579.3 0.7®) 5
17/2 425.5 862.2 0(2) [13/27] 823.4 1064.4 0@ 6
19/2* 930.1 495.3 0.22) 4 17/27 795.9 408.7 0.4@) 6
19/2* 504.2 495.3 0.08) 4 17/127 1232.2 408.7 1.333 6
23/2* 785.8 459.2 0.11 ) 4 21/27 1327.9 532.3 0.4®) 6
25/2* 384.2 480.4 0.24) 5 25/2~ 1371.0 646.8 0.14) 6
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FIG. 7. Theoretical and experimental Routhidlest pane) and o (MeV)
angular momentunil,) (right pane) versusf  for negative parity
bands in'#La. Experimental data for band (band 6 are denoted FIG. 9. Proton quasiparticle Routhians as a function of rota-
by filled (crossedl squares. The results of self-consistéBC) cal-  tional frequency calculated at a constant, moderate deformation

culations for the lowesE(F) configuration are denoted by open B,=0.25. The following line pattern for different parity-signature
circles (starg, respectively. The non-self-consistent curves corre-(7,«) combinations has been used: sdlibtted line for (+,*);
spond to configuratiofE. The calculations have been done using dash-dotteddashedllines for(—,*), respectively. The positive par-
the WS-C potential. ity Routhians are denoted by asymptotic Nilsson quantum numbers
of the dominant component in the wave function calculated at
ture of the #[550]1/2" orbital. The theoretical prediction #w=0.6 MeV. The quasiparticle excitations are constructed on top
concerning this band is shown in Fig. 7. The calculated andf the (Z)=57 vacuum. The drop of the quasiparticle Routhians at
experimental bands do not match, independent of spin agw~0.3 MeV is caused byrhy;, alignment being unblocked in
signment. this formalism(see text for details
The good agreement between experiment and theory for

band 1, as well as for different positive parity barisise next son states forming the pseudo-spin doubﬂ@?ﬁ, the

subsccion uggests el e suctre of e negele DT andl40412" ses Fure 8 hows quasir-
12 9 ) yom Ley . " ton Routhians calculated at a fixed, moderate deformation of
the case of'?®Ba, the low-lying vibrational(quasivibra-

tiona) states have been observig?]. It is hence possible B>=0.25. At zero frequency the one-quasiproton states form

; : L . a quadruplet of states with an energy splitting of the order of
that the excited negative-parity side bands are built upon thgrﬁy 200 Fl)<eV At this particular defgrymaaion t?]e lowest one-
v phonon coupled terh,,,, as seen in other odd-isotopes, '

: X i . ; uasiproton excitations involve, in order of energy,
especially since our calculations predict quite a pronounce h223/2" [4201/2" [411]3/2*, and[40419/2" states, re-
softness at low frequencigsee Fig. 8 To further pursue ' ' ' '

this question, detailed calculations of a articIe—vibrationSpeCtively' However, if a change of deformation or the read-
9 ' P justment of the single particle spectrum of the Woods-Saxon
coupling type are needed.

potential is made, the order of these excitations can be easily
changed. In fact, at small deformation f#41]3/2" state is
pushed down in energy, while for larger deformation, the

A simple inspection of the single-particle levels of the [404]9/2" state comes closest to the Fermi level. Moreover,
Woods-Saxon potential suggests that several positive-parityeformed states originating from tlig,, and g/, shells are
Nilsson states are accessible for the odd proton depending @trongly mixed through the deformed mean-field and Corio-
deformation. These are tHd20]1/2* and[422]3/2* Nils- lis force. Consequently, the structure of the positive-parity
bands(especially bands 2 and &t low excitation energies
cannot be explained unambiguously. This issue will be dis-
cussed further.

C. Positive-parity bands

#0=0.12MeV

— =y
S o i?&:‘%\\ ';‘5\\&\1—_‘—-::-—%\\ Bands 10 and 11
=) - = SN e NN - - -
E/ 01 §\\\\§\\‘\§4§’)}% i\\\\??')» Several of the positive-parity states can be characterized
2 oo B §\\\\\\\\\\\\T\ﬂ((@ M‘(«(«(@ rather uniquely by their distinct features. THé04]9/2*
NI /) INESY) N R state leads to a pair of strongly coupled bands, starting with
g f///}”gé%ﬁ‘ :////@&é/é/“ %ﬂ&% I=K=9/2, with no signature splitting and dominated by
o B Wi e + =0, Al=1 dipole transitions. According to our model, the
o 00804 0F 0501 02 09 [404]9/2* state should come down in energy at large defor-

X=B,cos(y+30) mations. The only candidates for this structure are bands 10
and 11 in *?"La. Such bands were not observed ifLa.

FIG. 8. Total Routhian surfaces calculated at frequencyThis suggests that the neutron shell structure favors some-
fw=0.12 MeV for 12Ba and'?’La (configurationE and configu- ~What larger deformation foN=70 than forN=68. In con-
ration B). The distance between contour lines corresponds to 20trast, the WS-C calculations show a pronounded68 de-
keV. formed shell gap. Consequently, thg,,, band calculated by
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states form a pseudo-spin multipfe821] and therefore are

04 eeonen strongly mixed. Closer examination of the wave function
| "en, "3@&. shows that th¢420]1/2* component of band 5 is dominant
= “l-u.mo over a very wide frequency region. For band 4, our calcula-
o tions predict a substantial mixing of tHd22]3/2" and the
2 B, [420]1/2" states and, at very high frequencies, also with the
0 — 2 [431]1/2% (g7, state.
oo bands 29 N The decay pattern of bands 4 and 5 seems to support this
—6194 bands 4 L5 scenario. Note that band 5 decays to band 1Bdatransi-
L L e tions and to band 4 through mixdd 1/E2 transitions. An
0.1 ﬁ? [1\(/)[':\]]0‘7 enhancement dE1 transitions is a direct signature of strong

octupole mixing between these ban@40]. Indeed, the
([42011/2"|r3Y4([550]1/27) matrix element is allowed by

) . the asymptotic quantum numbers and therefore one can ex-
and angular momenturfi,) (right pane] versusf o for positive pect enhancedl transitions between bands 1 and 5. As

. - 197 . . .
parity pands in"la. Th.e Routhian of the negative parity band L mentioned above, band 4 is calculated to contain a substan-
which is yrast over a wide frequency range, is shown for compari-.

) + .
son. Filled symbols represent theoretical points, with squares forthgal admixture of[420]1/2". Therefore bothv 1/E.2 . transi-
lowestE(m= —,a=— 1), triangles for theA(m=+,a= + 1), and tions between bands 4 and 5 as wellE&b transitions be-

circles for theB(m=+,a= —%) configurations. The calculations tween bands 4 and 1 are allowed.
have been done using the WS-U potential.

FIG. 10. Theoretical and experimental Routhidieft pane)

Bands 2 and 3

use of this potential is lowest in energy for botfLa and The interpretations of bands 2 and 3%flLa and band 3
121 a, contrary to experimental findings. The experimentalin 1?%.a reveal some interesting features. iflLa, band 4
data seem to be better reproduced by the WS-U potential. ldecays to band 3 by a very we&k2 transition, while in
this case the less deformed minima are favored and thé*La the analogous transition is much stronger. Moreover,
[404]9/2" band is pushed up in energy. thel, vs o curve in *?®La shows a curvature characteristic
Moreover, due to the combination of the=68 gap of the  of a low frequency shape change, whileitfLa the rotation
WS-C potential and the well deformed=58 gap (the seems to be regular. The decay pattern thus indicates differ-
single-particle proton spectra of both WS-C and WS-U po-ent microscopic structure for bands 2-3 and 4-5. In terms of
tentials are very similay well-deformed negative-parity the simple single-particle picture, the lowest positive-parity
structures appear too low in energy both fALa and bands at small/moderate deformation involve fiti&1]3/2*
21 a. For example, in'*La a well-deformed negative- Nilsson state. Here, the protdn,, orbits are empty. Due to
parity band of signaturer=—1/2 is predicted to be yrast the strong Coriolis coupling of the higherbitals, the proton
abovefiw~0.45 MeV[most probably, it is crossed by the h,;,, orbital is approaching the Fermi surface rapidly. One
lowest (w=+,a= —1/2) band at very high frequencies, but thus expects th§411]3/2" “particle” state to be crossed at
our calculations stop dtw=0.60 MeV]. Obviously, such a rather low frequency bj422]3/2*-[420]1/2" “hole” states,
scenario is not supported by the experimental data. For theoupled to the alignet,,,, protons. In the presence of pair-
WS-U potential, a well-deformed band is calculated to be-ing correlations, both the occupation of theg,;, orbital and
come yrast first at the highest observed frequencies. In conhe classification in terms of particle/hole excitations are not
clusion, the present set of data do not support the presence @éry sharp, but the underlying physics might still be valid.
a deformedN=68 gap, suggesting that the single-particle This scenario accounts for the weak decay of bands 4 and 5
spectrum of the WS-U potential is more realistic. One has tanto bands 2 and 3 as well as the unexpectedly low crossing
bear in mind, however, that due to the very large radius pafrequency[37]. In the case of'?%La, it implies that the
rameters, the use of the WS-U potential requires furthenucleus undergoes a very early shape change leading to
renormalization of the Strutinsky moment of inerisee, strong admixture of411]3/2% and[422]3/2" states. Since
e.g., Ref.[38] for detaily. Unfortunately, such a renormal- we do not calculate each state diabatically, this scenario in
ization is not unambiguous especially in the presence oéur calculations cannot be confirmed.
strong pairing correlations.

Bands 8 and 9

Experimentally, there is another pair of strongly coupled
At higher angular momentum, the band built on the fa-bands connected via stromg1 transitions, namely bands 8

vored signature ¢ = — 1/2) of the[422]3/2™ state @) is and 9. No connecting transitions to bands 10 and 11 are
calculated to be lowest in energy. The signature partner obbserved. The decay goes mainly into bands 1 and 2. In
this band is calculated to be higher than the band built on therder to calculate microscopically bands 10 and 11, it is nec-
favored signature ¢ =+ 1/2) of the[420]1/2" state @l5,)  essary to block excited quasiparticles. This is impossible in
(see Fig. 10 Both features are weakly dependent on defor-the present version of our model. Therefore, we give only a
mation. Consequently, at high spins, bands 4 and 5 are integualitative explanation and assignment based on signature
preted asm[422]3/2" @ w(EF) and #{420]1/2* ® w(EF), splitting arguments extracted from calculated quasiparticle
respectively (see also the discussion in Rdf39]). One Routhians(see Fig. 9. It is clearly visible from the figure
should stress that thg422]3/2* and [420]1/2" Nilsson that the only proton orbital having strongly coupled bands

Bands 4 and 5
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(beyond[404]9/27) is the [411]3/2" orbital. One should high in energy, causing certain problems in the interpretation
note that, according to the calculations, the small signaturef bands 2 and 3.

splitting for the[411]3/2* orbital at low frequencies disap- At high rotational frequencies, the model works remark-
pears after therh,,,, alignment. This observation is only ably well. The positive-parity bands 4 and 5 are uniquely
weakly dependent on deformation. In contrast, the excitatiointerpreted as involving the favored signatures of
energy of thg411]3/2"* band is strongly deformation depen- m[422]3/2" ® (EF) and #[420]1/2" ® (EF) configurations.
dent. The[411]3/2 orbital becomes more favored at smallerInterestingly, [422]3/2" and [420]1/2" Nilsson orbitals
deformation. In the simple particle-hole picture, bands 8 an&merge from the pseudo-spin multip[’éﬁij that at least

9 differ from bands 2 and 3 in terms of a two-particle, two- qualitatively, seem to support the decay pattern of band 5.
hole excitation into then,,,, subshell, which might explain The 7h,;,, band is also well reproduced both concerning the

the weak decay into band 2. Routhian as well as the angular momentum versus rotational
frequency. Note also that the non-self-consistent calculations
V. SUMMARY performed for this band offer a relatively good approxima-

, 2 127 , tion to the data. Such calculations give much better agree-
~ The properties of thé*La and **"La nuclei have been \nent for the angular momentum than for the Routhian,
investigated using the methods of in-beanTay Spectros- yhich shows an artificial drop due to the “unblocked” align-
copy. In addition to the standargy coincidences and DCO  ant of a pair ofh,;, protons.
anglyses, .I|near polarlz_atlonspf rays were measured for The negative-parity sidebanfincluding ambiguities in
unique spin and/or parity assignments. A number of collecgin assignmeitcannot be explained as a one-quasiparticle
tive bands were identified in the experiments. _.band built on the unfavored signature of thé,,,, orbital.

The o_bserved structures were analyzed using a painndagain the disagreement seems to have its source in the vi-
deformation self-consistent total Routhian surface model. Ay ational degrees of freedom which are beyond our model.
detailed discussion of collective structures is given in therpis problem, as well as the analysis of low-spin positive-
text, where the concentration is on the generic features of 0yf, iy hands and electromagnetic properties, will be further
model. First, the overall excitation energy scheme is rathef, estigated in our forthcoming article where the results of

well reproducedaside from the negative-parity sidebands the core-quasiparticle model calculations will be presented.
Nevertheless, at low frequencies the underlying Nilsson con-

figurations could not be uniquely assigned. This could be
attributed to the quasiparticle-vibration coupling and/or to
the quality of the single-particle spectrum of our Woods- This work was supported in part by the National Science
Saxon potential. In fact the calculations indicate quite proFoundation(U.S), the UK EPSRC, and the Polish State
nouncedy softness both for positive- as well as negative-Committee for Scientific ReseardiKBN) under Contract
parity bands suggesting that the coupling to vibrationalNo. PB1090/P3/94/06 and No. 2 P0O3B 034 08. K.H. ac-
degrees of freedom can indeed be of importance. The influknowledges receipt of financial support from the University
ence of the single-particle spectrum on the results of ouof York, W.S. financial support from Gan Gustafssons Stif-
calculations is best visualized for tfi€04]9/2* band which telse, and R. W. financial support by the Swedish Natural
was calculated to be yrast for the version involving theScience Research Coun¢éNFR). The authors would like to
WS-C potential, in disagreement with experimental datathank D.C. Radford for providing the RADWARE software
Also the[411]3/2* Nilsson orbital seems to be placed too package which was used in data analysis.
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